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(54) Versatile production system and methods for operating same 



(57) The present invention relates to a versatile pro- 
duction system and a method for operating the system. 
The present system particularly relates to methods for 
operating the system by monitoring the running condi- 
tions of the production line and automatically generating 
work order sheets so as to increase productivity by min- 
imizing tact time of the production line. The system 
comprises at least one assembling site (1), at least one 
testing site (2), a plurality of line terminals (3) installed 
at any of said assembling sites (1) or said testing sites 
(2), a plurality of line terminals (3) installed at any of said 
assembling sites (1) or said testing sites (2), a commu- 



nication-memory unit (4) attached to a product or a pal- 
let for loading said product, a line host controller (5) for 
reading memorized data from said communication 
memory unit (4), and a line host control terminal (6). 
wherein said line host controller (5) previously memo- 
rizes each file such as work contents, operators, time 
changes, etc., receives a production command from a 
production control system, calculates and shares work 
so as to minimize the tact, and outputs said work order 
sheets via said line terminal (3). 
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Description 

Field of the Invention 

The present invention relates to a versatile production system and a method for operating the system. The system 
manufactures various kinds of products, including small quantities, on a single production line. The present system par- 
ticularly relates to methods for operating the system by monitoring the running conditions of the production line and 
automatically generating work order sheets so as to increase productivity by minimizing tact time of the production line. 

Description of the Invention 

In general, in a production line for manufacturing products, necessary parts for assembling the products are sup- 
plied; the products are assembled, tested and inspected and the performance of the assembled products are approved 
as a result of the test and are conveyed to a packing site. It is preferable for mass production to install a production line 
for each product, and when various item products are manufactured, including small quantities, a large factory space 
and a large number of production facilities are required. When products are manufactured in small quantities having a 
separate production line for each product, idle time increases, and sections of occupied factory space, production facil- 
ities, and operators become redundant. 

In order to solve these problems, an applicant of the present invention developed inventions previously filed at the 
Japanese Patent Office, entitled "Versatile Production System". According to this system, a production system is pro- 
vided that manufactures various kinds of products, including small quantities, and in the system, work order sheets 
required for each process and information pertaining to defective parts found in the preceding processes on the line are 
automatically provided, and the system automatically produces a test result report before conveying the products to a 
packing site. 

In such a production system, there are three aspects that should be considered to improve productivity. The first 
aspect is described hereinafter. In the production line, tact time, which is consumption time for executing each process 
such as product assembling, testing and inspection is different depending on the work efficiency or health conditions of 
each operator. The tact time changes depending on each operator's working time, because the work efficiency changes 
depending on each operator's working time. 

The second aspect is that continual production proceeds without knowing the manufacturing condition of defective 
products, which depends on missing parts and defective units found in the assembled and tested products. 

When continual production proceeds without knowledge of the preceding processes, that is if abnormal conditions 
occur, productivity deteriorates significantly. While if the continual production proceeds without knowing the percentage 
of defective products, a significant number of defective products are potentially manufactured. 

The third aspect is described below. In the production line, consumption time for executing each process such as 
assembling, testing and inspecting is different so that tact time, which is the maximum consumption time for executing 
each process, is preferably minimized, whereby each operator does not have excess time between each process. In 
order to minimize tact time, work order sheets are occasionally prepared tor each operator at each working site, which 
are prepared by trial and error based on manual calculations when work is assigned to operators at each work site. Pro- 
duction then proceeds in accordance with the work order sheets. 

However, the work order sheets obtained above are usually inappropriate, thereby providing operators with idle 
time and reducing productivity. In addition, preparation of the work order sheets requires time and labor, thereby pre- 
venting the work order sheets from being prepared on time when work order changes are required from the production 
control system. 

SUMMARY OF THE INVENTION 

In consideration of the aforementioned problems, the object of the present invention is to provide a versatile pro- 
duction system and a method that automatically generate work order sheets for each operator at each work site so as 
to minimize tact time, thereby increasing productivity, and that also automatically and rapidly generate work order 
sheets by assigning necessary work to each operator when work order changes are required from the production con- 
trol system. 

Fig. 1 is a basic construction drawing of a versatile production system of the present invention. 

The versatile production system which achieves the aforementioned object of the present invention comprises: 

at least one of assembling sites 1 for assembling parts delivered in order and making various kinds of products on 
a single production line; 
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at least one of testing sites 2 for testing and inspecting the performance or quality of assembled products; 
a plurality of line terminals 3 installed at any of the assembling sites or the testing sites; 

5 a communication-memory unit attached to a product or a pallet for loading the product so as to match the flow of 

products and information and that communicates manufacturing data with the line terminal and memorizes same 
when the pallet is conveyed to the production line; 

a line host controller 5 reads the memorized data from the communication-memory unit via the line terminals 
io installed in the workplace of the assembling sites and testing sites, and uses the read data to output work order 
sheets for operators working at the assembling sites and the testing site via the line terminals and outputs test 
result reports containing test/inspection record data for a product that has been assembled, tested and inspected 
and finally determined as defective free products via a line terminal installed at a final testing site; and 

is a line host control terminal 6 that directly inputs and outputs data for master file maintenance, work order control, 

progress control, schedule arrangement and product history related data with the line host controller: 
wherein the line host controller 6 is characterized in that it previously memorizes; each file such as work contents, 
operators, time changes standard parts feeding sequence, components of a product and maintenance tools; 
receives a production command from the production control system; calculates and shares work so as to minimize 

20 the tact; and outputs the work order sheets via the line terminal. 

A versatile production system of the present invention further comprises a fault information terminal 7 that inputs 
fault content data for products having faulty parts to be replaced, inputs faulty parts data that indicates parts are defec- 
tive, and deletes the faulty input data after repair by replacing the faulty parts. 
25 In the versatile production system, the line host controller outputs work order sheets to minimize the tact via the line 

terminal; 

the work order sheet is generated from a schedule file that records the work start date, type code, product name, 
product number, work sequence and work start time for a determined process, and a process base work file that 
30 indicates which product should be produced, and indicates when and what time the work should be started, and 
what work should be executed based on each process. 

A method for operating a versatile production system of the present invention so as to minimize the tact comprises: 

35 a first step to calculate an average value by dividing the total work man-hours that is the sum of manhours required 
by each work for making a predetermined product by a process number corresponding to an operator number; 

a second step to multiply each group sum of work manhours for work assigned to each operator by each rating; 

40 namely, a work efficiency factor for each operator so as to render the work man-hours for each process equal or 
less than the average value. 

An alternative method for operating a versatile production system so as to minimize the tact comprises: 

45 a first step to determine the intended assigned man-hours of each operator by dividing the sum of the total work 

man-hours by the sum of the rating of each operator and multiplying the respective operator's rating; 

a second step to assign works to each operator so as to render the work man-hours for each process equal or less 
than the intended assigned man-hours. 

50 

Another method for operating said versatile production system comprises: 

a third step that assigns remaining work that was not assigned to each operator so as to obtain the total work man- 
hours for each operator by adding the group sum of work man-hours for each operator, which become substantially 
55 equal between operators. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a basic construction drawing of a versatile production system of the present invention; 
Fig. 2 shows an embodiment of a versatile production of the present invention; 
Fig. 3 shows hardware for linking between an ID card unit and a line host controller; 
Fig. 4 shows a format of an ID card; 

Fig. 5 is a flow chart for a monitoring process of a versatile production system of the present invention; 

Fig. 6 is a table example showing a calculation process of a production line balance considered as most appro- 
priate before modification; 

Fig. 7 is a table example showing a calculating process of a production line balance considered as most appro- 
priate after modification; 

Fig. 8A is a half part of a table example for a work contents file stored in a memory area of a line host controller; 

Fig. 8B is another half part of a table example for a work contents file stored in a memory area of a line host con- 
troller; 

Fig. 9A is a table example for an operator file stored in a memory area of a line host controller; 

Fig. 9B is a table example for a highly efficient working time zone file stored in a memory area of a line host con- 
troller; 

Fig. 9C is a table example for a normal production sequence file stored in a memory area of a line host controller; 

Fig. 10A is a table example for a maintenance tool file stored in a memory area of a line host controller; 

Fig. 10B is a table example for a parts list file stored in a memory area of a line host controller; 

35 Fig. 10C is a table example for a production command file stored in a memory area of a line host controller; 

Fig. 1 1 A is a table example of a process base file stored in a memory area of a line host controller; 

Fig. 1 1 B is a table example of a schedule file stored in a memory area of a line host controller; 
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Fig. 12 is a first part of a process flow chart for generating a work order sheet arranging an appropriate production 
line balance; 

Fig. 13 is a second part of the flow chart continuing to Fig. 12; 
Fig. 14 is a last part of the flow chart continuing to Fig. 13; 

Fig. 15 is a table example showing a first calculation process of a production line balance considered most appro- 
priate; 

Fig. 16 is a table example showing a second calculation process of a production line balance considered most 
appropriate; 

Fig. 17A is a half part of a collection of display examples of work order sheets; 

Fig. 17B is another half part of a collection of display examples of work order sheets; 

Fig. 18A is a display example when fault unit data is input; 
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Fig. 18B 



is a display example when product error code are input; 



Fig. 19A 



is a display example of a units list for a product before replacing faulty units; 



£ Fig. 19 



B is a display example of a unit list for a product after replacing faulty units. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 2 shows an embodiment of a versatile production system of the present invention. In Fig. 2, Ml to M6 denote 

w assembly sites for assembling products. Tl to T14 denote testing sites for testing and inspecting semi-assembled prod- 
ucts. A semi-assembled product implies an integrated body of parts making up a product, which is then transported dur- 
ing the assembling process, from assembly to completion of assembly, to the first testing site Tl. In the assembling sites 
Ml to M6, semiassembled products 1 to 6 are assembled. The assembling sites Ml to M6 include temporary parts supply 
stations (not shown), in which parts required for the type of product are stored. Trolleys are used to distribute parts. 

is each of which distributes parts to the assembling sites Ml to M6 in the order in which the parts are assembled. Some 
assembling sites may not be used depending on the number of parts. For example, if assembling is completed by using 
assembling site Ml to M4, then assembling site M5 and M6 are not used. In this embodiment, an ID card (not shown) 
serving as a communication-memory unit or a data carrier is attached to a pallet for loading a product. The ID card is 
used to transfer information necessary for manufacturing products to or from a line host controller via line terminals. 

20 Fig. 3 shows hardware for linking between an ID card and a line host controller. In Fig. 3, a numeral 1 1 denotes 
what is referred to as an optical ID unit or an ID card in the present invention. The ID card 1 1 is attached to a product 
or a pallet for loading a product, and an optical terminal 12 is installed in each assembling site or each testing site. 
When the ID card arrives, a photoelectric switch installed in each assembling or testing site detects the presence of the 
ID card and a sequencer 14 stops a conveyor belt, which is not shown. The assembling or testing is then started. 

25 Beforehand, the ID card 11 is communicated via the optical terminal 12 to read or write data therefrom or thereon. 
Reading or writing data is effected by a line terminal 15 in each workplace under the control of a line host controller 16. 
A signal transferred via the optical terminal 12 is amplified by a control unit 13. The control unit 13 is connected through 
the sequencer 14 or directly to the line terminal 15 using an RS-232C interface. 

A line terminal in an assembling site Ml transmits a products code corresponding to a product type that has been 

30 entered by a keyboard or by reading a bar code to a line host controller. The line host controller writes data for an ID 
card, such as, a products code, a control number, a process number, a work start time, a work end time, and test pat- 
terns that are stored therein, on an ID card to be described later via a semi-assembled product handling terminal. The 
line host controller then informs an operator of the data for an ID card by outputting an assembling work order sheet to 
a CRT monitor or printer connected to the semi -assembled product handling terminal. The operator in the assembling 

35 site Ml starts driving a transporting means or a conveyor belt (not shown) so as to Transport an assembled product 
according to the work order sheet. 

At assembling sites M2 to M6, semi-assembled product terminals or line terminals installed therein read the prod- 
uct code, control number, and other data from the ID card attached to the pallet transported sequentially to the work- 
places. The semi-assembled product terminals also read data pertaining to the type, part numbers, lot numbers, and 

40 the manufacturing dates of the parts making up the semi-assembled product, for example, from the bar codes attached 
to the parts. The semi-assembled product terminals then transmit the read data to the line host controller. The line host 
controller informs operators of the above data by outputting the assembly work order sheets associated with the assem- 
bling sites M2 to M6, which will be stored in the line host controller, to CRT monitors or printers connected to the 
respektive semi-assembled product terminals. The operators start driving transporting means or conveyor belts (not 

45 shown) to feed semi-assembled products 1 to 6. which are being assembled, to the assembling sites at the subsequent 
steps. Finally, the semi-assembled product 6 is transported to a testing site Tl. 

A testing terminal or a line terminal in the testing site Tl reads the products code and the control number Irom the 
ID card attached to the transported pallet and identifies the type, part numbers, lot numbers, and manufacturing dates 
of the parts making up the product by reading, for example, bar codes attached to the parts. The testing terminal then 

so transmits these data to the line host controller. The line host controller determines whether any part is missing from the 
semiassembled product 6. then issues a work order indicating, for example. Missing Part Found to a CRT monitor or a 
printer connected to the testing terminal, thus informing the operator. Moreover, the testing terminal writes the data 
acquired in the testing site Tl, which includes a process number, a work start time, a work end time, and the results of 
determination indicating the presence or absence of a defect, on the ID card. The operator then starts driving a trans- 

55 porting means or a conveyor belt (not shown) to feed the semi -assembled product 6 to a testing site T2. 

A line terminal in the testing site T2 reads the data of products code and the control number from the ID card 
attached to the transported pallet, then transmits these data to the line host controller. The line host controller checks 
and determines whether Software Keep should be executed; that is, if a test program should be written in the hard disk 
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of the product, and then informs an operator of the results of the check by outputting the result to a CRT monitor or a 
printer connected to the line terminal. When it is determined that Software Keep should not be executed, the operator 
starts transporting the semi-assembled product to a testing site T3 at the next step, and when it is determined that Soft- 
ware Keep should be executed, the operator temporarily places the semi-assembled product on a Software Keep shelf, 
writes a test program on the hard disk of the product, and starts transporting the semi-assembled product to the testing 
site T3 at the next step. 

A line terminal at the testing site T3 reads the data of products code and the control number from the ID card 
attached to the transported pallet, and then transmits the read data to the line host controller. The line host controller 
checks to determine if the semiassembled product 6 should be retired (i.e. subjected, as a returned article, to a repair- 
ing process), then informs an operator of the result of the check by outputting same to a CRT monitor or a printer con- 
nected to the line terminal. When it is determined that the semi-assembled product should be retired, the operator 
places the semi-assembled product 6 at a retiring site. When it is determined that the semi-assembled product should 
not be retired, the operator checks a setting order indicating the Condition for setting high-temperature aging and low- 
temperature aging apparatuses, then sets the aging apparatuses according to the setting order. In the setting, the oper- 
ator sets the aging time, relative to a set aging voltage to, for example, two hours at a voltage L (a little lower than 5V) 
or twelve hours at a voltage VH (a little higher than 5V), and specifies the number of steps occupied by each aging 
apparatus that depends on the size, or especially, the height of a semiassembled product. The operator then starts driv- 
ing a transporting means inside the high-temperature aging apparatus toward a testing site T4 at the next step. 

The number of occupied steps is set to six for each of the high-temperature aging and normal-temperature aging 
apparatuses. A transporting means covering six steps is installed, and depending on the height of a semi-assembled 
product, two or three steps are occupied for each semi-assembled product. The high-temperature aging apparatus con- 
sists of transporting means for outgoing and incoming paths. The normal -temperature aging apparatus includes a 
transporting means for an outgoing path alone. A retiring site is preserved not only in testing site T3 but also in testing 
sites T4. T5, T7, and T14. 

A line terminal in the testing site T4, which situated outside the outgoing path of the hightemperature aging appa- 
ratus, reads the data of the products code and the control number from the ID card attached to the transported pallet, 
and then transports the read data to the line host controller. The line host controller outputs the received data to a CRT 
monitor or a printer connected to the line terminal, thus reporting whether or not the semi -assembled product 6 has an 
automatic voltage change function, and when the semiassembled product 6 has said function, the operator does not 
respond and when the semi-assembled product 6 does not have said function the operator modifies the set voltage 
value manually. The operator then starts driving a transporting means in the high-temperature aging apparatus to 
Transport the semi-assembled product 6 through the outgoing path of the high-temperature aging apparatus toward a 
testing site 5 at the next step. 

A line terminal in the testing site T5. which is situated outside the outgoing path of the hightemperature aging appa- 
ratus, reads the data of the products code and the control number from the ID card attached to the transported pallet, 
and then transmits the read data to the line host controller. The line host controller outputs the aging time for the nor- 
maltemperature (room-temperature) aging apparatus and the number of occupied steps tor the semi-assembled prod- 
uct to a CRT monitor or a printer connected to the line terminal, thus informing an operator of the data. The operator 
sets the aging time for the normal-temperature aging apparatus and the number of occupied steps as informed, and 
then starts driving a transporting means in the normal-aging apparatus. 

After normal -temperature aging is completed, the semi-assembled product is transported to a testing site T10. A 
line terminal in the testing site T10 reads the data of the products code and the control number from the ID card 
attached to the transported pallet, and then transports the read data to the line host controller. The line host controller 
outputs the received data to a CRT monitor or a printer connected to the line terminal, thus informing an operator 
whether Software Keep should be executed; that is, whether an operating system should be written. When Software 
Keep should be executed, the operator executes a write operation, and following that, the operator starts driving the 
transporting means to a packing site toward a testing site T14. When Software Keep should not be executed, the oper- 
ator starts driving the transporting means without Software Keep. 

A line terminal in the testing site T14 reads the data of the products code and the control number from the ID card 
attached to the transported pallet, and then transmits the read data to the line host controller. The line host controller 
issues a test result report to a printer connected to the line terminal at the testing site T14. Moreover, the line host con- 
troller executes Stocking After Testing; in other words, the line host controller reports the completion of assembly and 
inspection to a production Management system. 

Furthermore, the line host controller communicates via a packing site host controller at a packing site over LAN, 
and informs an operator of a packing work order indicating that a cardboard box required for packing should be pre- 
pared to transport a semi-assembled product to the packing site by outputting the packing work order to a printer or a 
CRT monitor connected to the administration terminal of the packing site host controller, on the other hand, the line ter- 
minal in the testing site T14 writes the data acquired in the testing site T14. which includes a process number, a work 
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start time, a work end time, and the results of a determination representing the presence or absence of a defect, n the 
ID card. Finally, the operator starts driving a transporting means or a conveyor belt (not shown) so as to feed the product 
to the packing site. 

Furthermore in the vicinity of a workplace for repairing faulty products, a fault-in (information) terminal is provided, 
s Through the fault-in terminal, data indicating faulty contents are input for the product in which at least one defective unit 
is found, defective parts data which are judged defective are input, and the faulty contents data or defective parts data 
are deleted when defective units or parts are replaced. In this way, quality control is executed. 

A line host control terminal 6 is used when directly inputting or outputting the data relating to production manage- 
ment and quality control including master file maintenance, work order control, progress control, schedule arrange- 
w ment. and product history control. The host controller 5 is called a floor controller because it is on the same floor as the 
production line. 

Furthermore, the line host controller 5 outputs work order sheets to minimize the tact via each line terminal. 
Fig. 4 shows a format of an ID card. An ID card employed in the embodiment has a storage capacity of 2K bytes 
as shown in Fig. 4. A 32-byte memory area (herein, one byte consists of four bits) is allocated to each of the 22 
75 addresses In this memory map, data stored at address 1 are fixed data, a products code, a control number, data indi- 
cating the presence or absence of a defect, a line-out flag, a line-in flag, selection of VH or VL, line-out Process. Pallet 
Return a re-entry flag, a No. 1 Keep flag, a No. 2 Keep flag, and Automatic Voltage Change of VN, VL. and VH. Data 
stored at address 2 are a high-temperature VH aging time, a high-temperature VL aging time, a normal-temperature 
aging time, Step Change, and supplementary data related to line control. Data stored at addresses 3 to 8 are the proc- 
ess numbers start times, the results of determination,' end times, and supplementary data of semi -assembled products 
1 (assembling site Ml) to semi-assembled products 6 (assembling site M6). Data stored at addresses 9 to 10 are proc- 
ess numbers start times, the results of determination, end times, and supplementary data of semi-assembled products 
from the beginning of the test process (at a testing site Tl) to the end of the test process (at a testing site T14). 

The contents of the memory will be described as a supplement. Fixed data represents a leading address of a mem- 
ory area and is set to 0. The products code and the control number indicate a product type and a parts number respec- 
tively. The presence or absence of a defect indicates whether or not a part is missing or an abnormality is found in the 
results of a test. The line-out flag provides identification data indicating that a product should be neither assembled nor 
tested until a product, in which a defect is detected, reaches the first retiring space. The line-in flag specifies re-entry; 
that is provides data indicating whether or not product is retired, or in which process a retiring order is issued. For 
example 00 represents No Retired Product. 01 represents Retire Order issued in Process 1 . Selection of VH or VL indi- 
cates whether VH or VL is set to an automatic power change unit installed at a testing site T4. Line-out Process indi- 
cates a process in which a product is retired. Pallet Return is data indicating whether a pallet should be returned to a 
leading process by passing through or bypassing the high -temperature aging apparatus. The re-entry flag specifies 
whether or not the product is a re-entered article. The No. 1 Keep flag specified whether or not to load a test program. 
The No. 2 Keep flag specifies whether or not to load an operating system on a hard disk. Automatic voltage Change of 
VN VL and VH indicates whether a product has an automatic voltage change function. 

' The high-temperature VH aging time, high-temperature VL aging time, and normal-temperature aging time, which 
reside at address 2, are provided, for example, as data 1230. meaning that aging continues for twelve and a half hours. 
Step Change indicates the selection of one step, two steps, or three steps. The process numbers residing at addresses 
3 to 22 are concerned with assembling sites M1 to M6 or testing sites Tl to T14. The start time or end time is written in 
the form of a date, hours, minutes, and seconds. The results of the determination indicate the presence or absence of 
a defect 

As described above, an ID card stores data of each product. As a semi -assembled product is transported over a 
production line, the ID card is read and written at assembling and testing sites. Based on these data, upto-date and 
45 accurate work orders are issued. 

Communication with a quality information system and a production management system enables the common use 
of data and offers support to quality control and production management systems. 

Fig 5 is a flow chart for a monitoring process of a versatile production system of the present invention. - Before 
explaining Fig 5, parameters used for monitoring the versatile production system of the present invention will be 
so explained. The parameters are divided into three main factors such as (A) time controls, (B) quality conditions and (C) 

state of operators. ...... ^ 

According to (A), time control based parameters, there are three main parameters: tact time, line balance and man- 
hours for each process that is input from line terminals. All of these parameters are calculated based on input data 
through the ID cards, in such a manner that the tact time is calculated from the time each semi-assembled product is 
£5 passing the individual working site, the line balance is calculated from the time differences between the maximum tact 
time and the minimum tact time in each process, and the number of man-hours for each process is calculated by 
deducting the work start time from the work end time. There is another parameter according to (A), that is, operator 
unoccupied time, which is calculated from sensor input signals located at each working site so as to detect the exist- 
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ence of the operator. 

According to (B), quality condition based parameters, there are several parameters pertaining to the frequency of 
faulty products occurring based on types, processes, contents, parts and critical faults, which are calculated from input 
information mainly obtained through the faulty information terminal each time faulty products are found. 

According to (C), the state of operator based parameters, there are three main parameters: stop hours at the same 
location, remaining hours outside the normal working site, and frequency of moving from the working site, all of which 
report the status of the operator. These parameters are calculated from sensor input signals provided at each working 
site and electrically connected with programmable controllers, and are then communicated with the line host controller 
via each of the line terminals. 

The threshold value table are explained hereinafter. In the embodiments of the present invention, a caution level 
and a hazard level are provided as threshold levels, and additional threshold levels may be provided if necessary. 

The calculations of each parameter are enplaned below. Each parameter is defined as follows: 



(A) Time controls 



"■"start : 


work start time of a process 


TsO : 


arriving time of a semi-assembled product (for nth product) 


TsV 


arriving time of a semi-assembled product (for (n+1)th product) 


Tand : 


work end time of a process 


T out : 


product feeding time from a process 


"l"tact : 


tact time of a process (T tact = T s1 - T s0 ) 


Tstop : 


work stop time ( T stop = T^ - T end ) 


"l"kosu : 


working man-hour (T hosu = T start - T end ) 


T bar : 


line balance 



r b ar = MAX(T tac( )-lvllN(T tac( )] 

where T star1 . T s0 , T s1 . T Gnd and T out , are direct input data received through the ID cards, and T tect , T 8top , T kosu and 
T bar , are calculated from the input data received through the ID cards. 

(B) Quality conditions 

number of semi-assembled products fed in to the production line (counted at the first working site) 
number of semi -assembled products passed through each working site 
same product type faulty product number occurrence 
same process faulty product number occurrence 
same contents faulty product number occurrence 
same parts faulty product number occurrence 
same type faulty product occurrence frequency 

(Q kishu ~ 

(N err -d/N ln .,)x100) 
same process faulty product occurrence frequency 

(Q 

same contents faulty product occurrence frequency 

(Q natyo 

= <N err . n /N lr J x100 
same parts faulty product occurrence frequency 

(Q buhin — 

where N in .|, N in . k , N orr ^ t N Grr . n and N err . b are direct input data received through the faurt information terminal, the 
line terminals or the ID cards, and Q k i Snu , Qkotoi. Qnaiyo and Qbuhin are calculated from the direct input data above. 

(C) State of operators 



N in .i: 

■W 

Nerrnd 

Nerr-k 

Nerr-n 

N err-b 

Qkisyu 



■^kotei- 



Qnaiyo- 



''buhin* 
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T m . s1p : stop time in the same spot 

T m out .: traveling time outside of the normal working site (time) 

c" 1 ° U *- number of moving outside from the normal working site (number), 

where T m . 6tp . T m . out and C m . oul are calculated from sensor input signals for detecting each operator at each work- 
ing site. 

The methods for reading input data for the parameters are explained below. 

(A) As time data information of each process, each work start time of a process is input from the ID card and work 
end time is input from the keyboard by each operator. The start time and the end time of each process i auto- 
matically recorded from the ID card attached to each product when it passes through the working srte. The work 
end time can be input from the keyboard by an operator when the operator completes the process or as the last 
signal generated from a robot or an automated unit when the process is completed by the robot or the automated 



unit. 



(B) As faulty product information, data such as types, occurring time, processes, contents, parts and otherwise 
regarding faulty product occurrence frequencies are recorded through the fault information termmal. the line term.- 

na ' S Whe^Tfeulty product is found, the contents of the fault are transmitted to the line host controller. The contents 
include the test result information written on the ID card or a hard disk in each product. 

(C) As operator location information, data such as accumulated time the operator spent at the working site at which 
he operator spent the main working hours of the day. accumulated time the operator spent outs.de the normal 
working site, and the frequency that the operator moved outside the normal working site are calculated from sensor 
signals, which detect the operators working at each working site. The sensors are connected to each P°0™^- 
ble controller located at each working site. The data are stored in a memory area .n the line host corrtroller. The 
sensors may be touch sensors attached to a mat placed at a working site, thereby moratonng the location of the 
operator. 

Fig 5 is explained below. In Fig. 5. the numeral following the letter "S" indicates the step number. (STEP SI): Initial- 
ize all?lags to zero (normal state) in the memory area of the line host controller. (STEP S2): Read all Parameter data 
describe? above. (STEP S3): Calculate all parameters described above. (STEP 84): Register necessary mformat.on 
into a file related to a critical fault that should be input by a keyboard, which belongs to the fault information terminal, 
thereby verifying the occurring fault event with the registered information. If. the event is determined as a critical fault. 

go to STEP Sll. if not go to STEP S5. . 

(STEP S5)- Compare each parameter data with each threshold value of the corresponding caution level, if the value 
of the parameter data is less or equal to the threshold value, return to STEP S2 if not. go to STEP S6. 

(STEP S6): Check whether any of the flags are zero (indicates normal condition) or not, if yes. go to STEP S13. it 

n °" 9 (STEP T S7)- Compare each parameter data with each threshold value of the corresponding hazard level, if the value 
of the Parameter data is less or equal to the threshold value, return to STEP S2. if not. go to STEP S8. 
(STEP S8): Set the flag for hazard to 1. 

(STEP 89): Input data into a memory area of the production line based on a modified table that is obtained by cal- 
culating the production line balance considered most appropriate. „^ ; , toM 
(STEP S10): Output work change order information ordering work to be changed determined from the mod.fied 

table via each line terminal. _ 

(STEP Sll): Stop the production line, i.e., stop new supply to the line, and stop all delivery conveyors except the 

aging device. 

(STEP S12): Output the work order for the next production. For example, 

(a) Retire, i.e.. return returned goods to a repair process, where the returned goods mean semi-assembled prod- 
ucts that cannot continue to the following production process in the middle of the production l.ne because of faults. 

(b) Input the keyboard and note the completion of the process 

(c) Command the restart procedure 4 

(STEP S13): Change the data in the operator table indicating identification number, name and rating of operators. 
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In the change, each working time for each process Ml, M2 and M3 is calculated based on the ID card information 
or the key board operations by each operator input at every work end time and the rating for each operator is deter- 
mined as follows. 



Planned work man-hour = standard work time x 100/rating data stored in the operator table 

Real work man-hour = standard work time x 100/current operator rating data 

where the current operator rating data is calculated from each process work time obtained from the input data input via 
ID card or each line terminal keyboard. The current rating is calculated by solving the two formulae above. 

Current operator rating data = (Planned work man-hour/Real 
15 work man-hour) x Rating data stored in the operator table 



w 



Furthermore, in STEP Si 3, preparation for work assignment with the modification table proceeds. 
Namely, the process for generating a schedule file includes information pertaining to the completion of work prep- 
20 aration. the work start date, the code of a product type, the name ol equipment, the number of products, the sequence 
of work and the work start time of each process, and an individual process work file includes the product name for man- 
ufacturing, the production number, the work start time and the work contents. 
(STEP S14): Set caution flag to 1. 

Fig. 6 is a table example showing a calculation process of a production line balance considered most appropriate 
25 before modification, and 

Fig. 7 is a table of the same after modification. 

In Fig. 6 and Fig. 7, to X 21 indicate the man hours of each operator. A n to A 3 indicate the sum of man hours of 
each process, ft^ to R3 indicate the rating of each operator, m indicates the number of processes and n indicates the 
number of individual work. In these drawings, m = 3 and n = 21 . 

30 In the example shown in Fig. 7, the calculating method is shown to realize the most appropriate production line bal- 
ance when the operator rating for the process M 2 changes from 80 to 70. 

Hereinafter, the mode of operations is explained. Before the explanation, various kinds of files stored in a disc in 
the line host controller are explained. These files include work contents, operators, time change and standard parts 
feeding sequence previously generated and can be maintained by the host controller terminal, files for stock parts con- 

35 trol and maintenance tools loaded to a disc in the line host controller, a file for a work order such as manufacturing 
number input from the production control system, a schedule file to improve the productivity of the production line gen- 
erated from the production system, and the individual process file. 

Fig. 8A and Fig. 8B show a table example for a work contents file stored in a memory area of a line host controller. 
Type code 10451 and 74329 correspond to product name a, and p, respectively. In each product, various kinds of work 

40 is assigned, for example, work name X-,, to X 2 n are assigned to the product name a while work names X22 and there- 
after are assigned to the product name p. As for each work name, data such as work contents, assembling parts, prep- 
aration and cleaning hours, working man-hours, working sequence and cautions (not shown in the table) are stored in 
a disk in the line host controller. And as for assembling parts, the data such as parts name, parts supplied and quantity 
of parts are stored. As for preparation and cleaning hours, hours for preparation and cleaning data are stored, respec- 

45 tively. 

In the work sequence column, numerical data 1 to 18 are stored for the product name a,. The numerical data are 
ordered in accordance with how effectively the product name a, can be assembled by processing individual work 
names to X 21 in order. If there are more than two similar numerical numbers to each work name, work contents of 
the work name can be started for whichever work content is first. Furthermore, the time of preparation and cleaning 
50 hours and the work man-hours may be measured in minutes or seconds. 

As a caution column, for example, for work name X 5 , "Metal fitting should be mounted to the far left side.", and as 
for work name X 15 . "No gap with upper cover", important message data for assembling work are explained. The work 
contents file explained above is constructed by this data base or otherwise. 

Fig. 9A, Fig. 9B and Fig. 9C are table examples for an operator file, a highly efficiency working time zone file and a 
55 normal production sequence file respectively stored in a memory area of a line host controller. 

Fig. 9A indicates an operator file. In this file, identification number data, name data and rating data of each operator 
are stored. 

Fig. 9B indicates a time zone during which an operator can work effectively. 
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Fig 9C indicates the type code in the left column, and the production sequence number in the right column. If the 
same production sequence number exists in a different type code, any type code product can be produced first. 

Fig 10A is a table example for a maintenance tool file stored in a memory area of a line host controller. This table 
in particular shows data for current maintenance tool stock quantities for a test process. The data decreases when the 
tools are brought to the production line and increases when the tools are returned from the line. 

Fiq 10B is a table example of a parts list file stored in a memory area of a line host controller. Th.s table shows a 
parts list including maintenance tools for a product name a. From this file, the name and number of maintenance tools 

used for each product can be determined. , . 

Fig 10C is a table example of a production command file stored in a memory area of a line host controller, as 
shown, production command data such as the work start up date, the type and code, the name of products, the manu- 
facturing quantities and the scheduled completion date are stored in the file. ■ 

Fig 1 1 A is a table example of a process base file stored in a memory area of a line host controller. For each proc- 
ess such as Ml. M2 and M3. data pertaining to the products name, the quantities of manufacturing, the work start up 
date and time, the tact pitch (measured in seconds or minutes) and the work contents are stored in the file. As the work 
is contents data, work name data X, to X 21 . are stored. 4 „ ,„,K cia« ^ an » 

Fig 1 1B is a table example of a schedule file stored in a memory area of a line host controller. In this file, data of 
the work start up date, the type and code, the production number, the production sequence number and the work start 
up time for the first process Ml are stored. As mentioned above, each file such as the work content, the operator, the 
time zone and the production sequence number are previously made, the parts list file and the maintenance tool file are 
then loaded, and after the production command data from the production control system are input, each following step 
and a process base work file and a schedule file can be obtained. 

Fig 12 is a first part of a process flow chart for generating a work order sheet arranging a production line balance 
that is most appropriate. In the drawings, the numeral following the letter "S" indicates the step number. Each file such 
as the work contents, the operators, the time zone and the standard parts feeding sequence, and each parte list «e and 
maintenance tool file are previously loaded. And the production command signal for manufacturing the number of prod- 
ucts is received from the production control system. The contents of these files are described in the followmg 

(STEP SI): Determine whether or not all assembling parts are provided. If yes. go to STEP S3, if no. go to STEP 
S2 This is determined by comparing each part quantity data to compose a product that is written in a parts liti I file for 
the product that is produced in the next process with the stock quantity data of each part stored in the disc of the line 
host controller as parts control. Namely, the stock quantity is checked to determine whether or not there is the neces- 
sary quantity for making a product in the next process. Stock quantities are always checked whenever parts are sup- 
Dlied to or removed from the stock. . . 

(STEP S2V Determine whether or not to continue the process when there is insufficient stock. If it is determined to 
continue, go to STEP S3, if not, return to STEP SI. The process can be continued if the operator determines that the 

35 missing parts can be provided later. 

(STEP S3)* Read the production command from the production control system. 

(STEP S4): Determine whether or not the production command file is completed. If yes, go to STEP S7, if no, go 
to STEP S5. 

(STEP S5V Read the type code and find the standard parts feeding sequence. 

(STEP S6V Make a schedule file in which the work start date, the type code, the name of a product, the quantity of 
the manufacturing product, the work sequence and the work start time of a determined work process are Provided. 

(STEP S7): Sort the schedule file in the order of the feeding sequence number. STEP S3 to S6 described above 
are stages for determining the feeding sequential number for the production system command. 
Fig. 13 is a second part of the flow chart continuing to Fig. 12. 

(STEP SIIV Assume total work number is n quantities, total work man-hour is X minutes, each work man-hour is X n 
minutes and the process number is m quantities. As a No^ 1 n*™'***"™ 
(total work man-hour/process number = X/m) = A„ = A i2 = - A im minutes . wh.le as a No. 2 method, assume 

A M = (total work man-hour) x R -,/(R n + R 2 + — R m ) 

A |2 = (total work man-hour) x R 2 /(R n + R 2 + — R m ) 

A im = (total work man-hour) x R m /(R , + R £ + — R m ) 

Set the work man-hours for each process as A m minutes, the imaginary process man-hours as A F minutes, the Rat- 
ing as R and changeable values as L and J. Where, the original settings of X. A im , A*,. A F and L are 0. while the original 

SGttl (STEP SI 2): Compare J with m. If J is larger than m. go to STEP S1 6. If J equals m or J is less than m, go to STEP 
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S13. 

(STEP S13): Compare Aj with Aj m . If Aj is larger than A im go to STEP S15. If A d equals A im or Aj is less than A im 
go to STEP S14. 

(STEP St 4): Add L plus 1 and update the data. Add Aj Plus X, and update the Aj data 
5 (STEP Si 5): Add J + 1 and update the J data in the memory. 

(STEP S16): Compare the variable data L with the total work number n. If L is larger than n, go to STEP S21, if L 
equals n or if L is less than n, go to STEP S17. 

(STEP S1 7): Add L plus 1 and update the data L. Add A F to X, and update the AF data in the memory. 

Fig. 1 4 is the last part of the flow chart continuing to Fig. 13. Divide A F an element of imaginary process man-hours 
io into X (( X, +1 , — X n . For minimizing production line tact, the line balance loss, that is. redundant time from the time dif- 
ference between the working time of each process will be minimized in the following method. 

Calculate the element number n* of imaginary process man-hours A F from n - 1 + i. And calculate the total working 
man-hours Y after multiplying the rating using the following formula (1). 

'5 Y = A 1 x 1QQ/R, + A 2 x 100/R 2 + — + A m x 100/R m + X, + X ^ + - « + X n (1) 

average value y - Y/m (2) 

Calculate the formula (2) and calculate the difference between the average and the man-hours of each process 
20 from the formula (3). 

AA 1 = y - ( A 1 x 1 00/R ., + X , x Z 1 n +X |+l x2 l2 + « + X n xZ 1n ) (3) 
AA 2 = y- (A 2 x 100/R 2 + X, xZ 21 +X I+1 x Z 22 + + X n x Z 2n )-» 
AAm =y-(A m x100/R m + X,xZ m1 +X I+1 xZ m2 +» + X n xZ mn .) 
Then execute the following steps. 

(STEP S21): Set the average value y previously calculated as the variable number O p to determine the line bal- 
30 ance. 

(STEP S22): Set all 0 from matrix Z u to Z mn - where Z n to Z mn - are variable data of 1 or 0. 

(STEP S23): In Loop 1 from 1 to m in the variable number Z LOOP 1 , 1 , in Loop 2 from 1 to m in the variable number 
z loop2. 2- — ■ and in n ' from 1 to m in the variable number Z LOOP n ., n - ( execute STEP S24, STEP S25 and STEP 
S26 and return to STEP S22. 
35 (STEP S24): Calculate from AA 1( to AA^ 

(STEP S25): Add the minimum value of the absolute value of AA 1 to AA^ with the maximum value of the absolute 
value of AA 1 to AA m and set the sum as a loss data. 

(STEP S26): Compare the Loss value with O p value, if the Loss value equals the O p value or is less than the O p 
value, go to step S27. If the Loss value is larger than the O p value, go back to STEP S22. 
40 (STEP S27): Set the Loss value as a variable number O p . 

(STEP S28): Memorize variable number Zo p1 . from the LOOP^ from 1 to m. Memorize variable number Z op2 from 
the LOOP 2 from 1 to m. Memorize variable number Z opn - from the LOOP n - from 1 to m. 

From this, it is determined which of 1 to Z mn -, is set to 1 for each process, in other words, it is determined which work 
is processed in which process, namely, each matrix data 1 or 0 for Z 1 , to Z mrV is determined. 

45 (STEP S29): Generate the process based work file that indicates when and what time the work process starts, what 
product is going to be manufactured and which work should be executed. 

Fig. 1 5 is a table example showing a first calculation process of a production line balance considered most appro- 
priate. This example shows how to calculate and minimize the line balance loss under the total number of operations is 
21(n=21), the number of processes such as M1, M2 and M3 is 3 (m=3), and each operator rating is R^IIO, R 2 =80, 

so and R 3 =95, respectively. 

Each work man-hours X v X 2 — X 21 is as shown in Fig. 15, the sum of X 1 to Xg is A 1 equals 62, if X 7 is added to 
A 1 the sum becomes 80, which is larger than 

A jm = 213/3 = 71 (total work man-hour/process number). 

55 

So that processes after X 7 are determined as the next operator's work processes. 

Then the sum of X 7 to X 9 , which is A 2 , is 49, and A 2 plus X 10 equals 72, which is larger than Aj m = 71 . So that proc- 
esses after X 10 are determined as the next operator's work processes. 
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Then, the sum Of X 10 to X 14 which is A 3 . is 63. and A 3 plus X 15 becomes 72. which is larger 
processes after X 15 to X 2n are shared by 3 operators. In each work process, the rating mult.pl.ed values become 57. 62 
an^rrSpeSively 5 as shown in Fig. 1 5. In this way. assigning work to each process so as to minimize XUe ne balance 
Toss can be determined as shown in Fig. 15. It is understood that each work process becomes 75 and the l.ne balance 
loss becomes 0. . . 

Fig. 16 is a table example showing a second calculation process of a production line I balance J"" 
appropriate This example shows how to calculate and minimize the line balance loss under the condition that the total 
number o! works is 21 <n=21). the number of processes, such as Ml . M2 and m is 3 ^^T^Tle ^ 
is R, = 110. R 2 = 80 and R 3 = 95. respectively. Each work man hours X 1r X 2 , - X 21 is as shown .n Fig. 16. the total 
workina man-hours X is 213. which is the sum of the man-hours of each process. 

^2^ method, each operator shared man-hours ^ is calculated by the Wj^*?ffi 
A jm = X x Ri 1 /(R t + R 2 + R 3 )(m=l to 3) . where X is the sum of the man-hours of each process. R| is a rating of each 
process. 

J5 A n =213x110/(110 + 80 + 95) = 82.2 

A i2 = 213 x 80/(1 10 + 80 + 95) = 59.8 

A |3 = 213 x 95/(1 10 + 80 + 95) = 71 

20 Now. the sum A, of X, to X 7 is 80. and by multiplying A, by the rating, the value 80 x 100/1 10 = 72.7 is obtained^ 
Processes after X 8 are determined as the next operator's work processes. Then the sum of X 8 to X 10 . which is A 2 . us 
52 ar*?by ^plying A 2 by the rating, the value 54 x 100/80 = 67.5 is obtained. Processes after X„ are determined 
as the next operators' work processes. inn , fl , q7q: c 

The sum of X„ to X 19 . which is A 3 . is 70. and by multiplying A 3 by the rating, the value 70 x 100/95 = 97.3 .s 
obtained. Last of all. the lest of the man-hours are shared by 3 operators. In this cas e. eac > work. X 20 = 3 and X 2 i = 6 
Shared by M1 and M2 respectively, then calculate A,' = 72.7 + 3 = 75.7. A 2 ' = 67.5 + 6 = 73.5 and Ag = 73.7. Accord- 
ing it is understood that sharing work to minimize line balance is as shown in Fig. 1 6. . 

Fig 1 7A and Fig. 1 7B show each half part of a collection of display examples of work order sheets. These displays 
show work order sheets at an assembling site No. 1 at every tact interval, such as t & t, . -- tp. In the ^ngs^lthough 
SeTare not shown the displays at the assembling site No. 2 show the same displays as No. 1 after delaying one tact 
lime {r^MrleXlap at the assembling site No. 3 show the same displays as No. 2 after delaying one tact time 

'^The drawings indicate that products a and products 6 are to be assembled individually The ^work ^contentsfor 
assembling the products a and p. and cautions are also displayed. And. if there is no work content, messages for work 
nrpna ration and work end reports are shown on the screen. 

when faulty unit data of each product is input and Fig. 1 8B is a display example when 

the product error codes are input 
In Fig. 18A, operators input 

00 when the test process is a basic process, 

01 when the test process is an aging process. 

02 when the test process is the last process. 

45 In the same way. corresponding codes pertaining to the temperature condition, voltage condition and impulse con- 

diti0 Ars e how^n Fig. 18B, operators input error codes lor each fault phenomenon through the fault information terminal 

bv viewing the CRT screen connected with the fault information terminal. , 
by v- Wjje^ djsp(ay Ql a unH m for fl product before replacing faulty units , Fig . i9B,a d.splay example 

so of a unit list for a product after replacing faulty units. 

Fta 1 9A displays the case when a 3.5 inch size floppy disk is determined a faulty disc at No_ 6 unrt product. In this 
case, when input06 by operating the keyboard at the terminal, the data No. 6 is deleted from the d,sc of the line host 

COnt FTl 9B shows the screen after rewriting the lot number, the parts number of the semi-assembled product unit after 

55 repairing the semi-assembling unit by replacing the new unit for the fault unrt No. 6. 

As heretofore explained, according to the present invention, a versatile production system and a method to _cper- 
ating the same that can monitor the running condition of the system and diagnose abnormal conditions ""mediately 
provided thereby generating work order sheets for each operator reflecting the d,agnostic results. Furthermore, the 
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present invention provides a versatile production system and a method for operating the same that provide work order 
sheets so as to increase productivity and minimize tact balance loss for the production line corresponding to the work 
change command generated from the production control system; namely, the system automatically and swiftly gener- 
ates the schedule file and the process base work file. 

5 

Claims 

1 . A versatile production system comprises: 

io at least one of assembling sites (1) for assembling parts delivered in order and making various kinds of prod- 

ucts on a single production line; 

at least one testing sites (2) for testing and inspecting the performance or quality of assembled products; 

is a plurality of line terminals (3) installed at any of said assembling sites (1) or said testing sites (2); 

a communication-memory unit (4) attached to a product or a pallet for loading said product so as to match the 
flow of products and information and that communicates manufacturing data with said line terminals (3) and 
memorizes same when said pallet is conveyed to said production line; 

20 

a line host controller (5) reads said memorized data from said communication-memory unit (4) via said line ter- 
minals (3) installed in the work place of said assembling sites (1) and said testing sites (2), and uses the read 
data to output work order sheets for operators working at said assembling sites (1) and said testing sites (2) 
via said line terminals (3) and outputs test result reports containing test/inspection record data for a product 
25 that has been assembled, tested and inspected and finally determined as defective free products via a line ter- 

minal installed at a f inal testing site; and 

a line host control terminal (6) that directly inputs and outputs data for master file maintenance, work order con- 
trol, progress control, schedule Arrangement and product history related data with said line host controller (5): 
30 wherein said line host controller (5) is characterized in that it previously memorizes each file such as work con- 

tents, operators, time changes, standard parts feeding sequence, components of a product and maintenance 
tools; 

receives a production command from a production control system; 

35 

calculates and shares work so as to minimize the tact; and 

outputs said work order sheets via said line terminal (3). 

40 2. A versatile production system according to claim 1 , wherein said system further comprising a fault information ter- 
minal (7) that inputs fault content data for products having faulty parts to be replaced, inputs faulty parts data that 
indicates parts are defective, and deletes said faulty input data after repair by replacing said faulty parts. 

3. A versatile production system according to claim 1 or 2, wherein said line or host controller (5) outputs work order 
45 sheets to minimize said tact via said line terminal (4): 

said work order sheet is generated from a schedule file that records the work start date, type code, product 
name, product number, work sequence and work start time for a determined process, and a process base work 
file that indicates which product should be produced, and indicates when and what time the work should be 
so started, and what work should be executed based on each process. 

4. A method for operating a versatile production system so as to minimize said tact wherein it comprises: a first step 
to calculate an average value by dividing the total work man-hours that is the sum of man-hours required by each 
work for making a predetermined product by a process number corresponding to an operator number; 

55 

a second step to multiply each group sum of work man-hours for work assigned to each operator by each rat- 
ing; namely, a work efficiency factor for each operator so as to render said work man-hours for each process 
equal or less than said average value. 
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A method for operating a versatile production system according to claim 4 wherein it comprises: 

a first step to determine the intended assigned man-hours of each operator by dividing the sum of said total 
work man-hours by the sum of said rating of each operator and multiplying the respective operator's rating; 

a second step to assign works to each operator so as to render said work man-hours for each process equal 
or less than said intended assigned manhours. 

A method for operating a versatile production system according to claim 4 or 5 wherein it comprises: 

a third step that assigns remaining work that was not assigned to each operator so as to obtain said total work 
man-hours for each operator by adding said group sum of work man-hours for each operator, which become 
substantially equal between operators. 
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(54) Versatile production system and methods for operating same 

(57) The present invention relates to a versatile pro- 
duction system and a method for operating the system. 
The present system particularly relates to methods for 
operating the system by monitoring the running condi- 
tions of the production line and automatically generating 
work order sheets so as to increase productivity by min- 
imizing tact time of the production line. The system 
comprises at least one assembling site (1), at least one 
testing site (2), a plurality of line terminals (3) installed 
at any of said assembling sites (1) or said testing sites 
(2), a plurality of line terminals (3) installed at any of said 
assembling sites (1) or said testing sites (2), a commu- 
nication-memory unit (4) attached to a product or a pal- 
let for loading said product, a line host controller (5) for 
reading memorized data from said communication 
memory unit (4), and a line host control terminal (6), 
wherein said line host controller (5) previously memo- 
rizes each file such as work contents, operators, time 
changes, etc., receives a production command from a 
production control system, calculates and shares work 
so as to minimize the tact, and outputs said work order 
sheets via said line terminal (3). 
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